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Abstract-- Side-fringing is an important factor for high 
track density recording. Track width written with a flying single 
pole flying head was measured through off-track proflles. The 
results show almost no side-fringing. The erase band width was 
around 25 nm for the off-track overwrite profde. 
Index Tenns--thin film single pole flying head, 
pe~endicular double-layered media, side-fringing, erase band 
I. INTRODUC~ON 
Side-fringing usually occurs to some extent in ring 
heads [l], [2]. This often limits track density. Although, no 
measurements of off-track profiles with single pole heads 
have been reported, an MFM measurement showed that side- 
fringing is very s~nall for the combination of a single pole 
head and perpendicular double-layered medium because of the 
sharp head field distribution [3]. 
In this paper, we discuss the side-fringing in 
perpendicular magnetic recording which was measured from 
off-track profiles with a thin film single pole flying head [4]. 
A regular ring head was used as a reference in the off-track 
measurements. The results were analyzed to obtain the side- 
fringing and erase band width. 
11. EWERIMEFTS 
Fig. 1 shows the thin film single pole flying head used 
in this paper. The main pole thickness and width were 0 . 4 p  
and 5.1 pn, respectively. The head also had a wider thin film 
retum path, which may correspond to the upper part of a 
merged MR head. Two types of thin film ring heads 
described in Table I were used as a reference, 
An MR head having a track width of 3.1 ,um was used. 
The write head and the MR read head were separately 
attached to a dual stage spin-stand to measure off-track 
profiles. The flying height of both heads was around 50 nm. 
The recording layer of the perpendicular double-layered 
medium was Co-Cr-Ta. It was 50 MI thickness and it had 
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Table I Parameters of thin film ring heads 
Head 1 Head 2 
Pole length 1.0 pn 5.0 p 
Track width 4.4 p 3.5 p 
Coil tums 12 16 
an H, of 2400 Oe. The longitudinal medium whose H, was 
2400 Oe and B,d was 100 G,um was also used for comparison. 
The disk velocity was 5 d s .  
Off-track profiles were measured using a spectrum 
analyzer. The measurement of the fundamental component 
was used as an output level. The track width was defied as 
the distance between the 50 % points of the peak output from 
the off-track profile, i.e. the half width of the profile. It is 
assumed that both 50 % points mentioned above are 
equivalent to the off-track displacement at which the area of 
the micro-track profile is divided into equal halves. A 
micro-track profile of the MR head shown in Fig. 2 shows no 
severe asymmetry, which supports the above assumptions. 
Fig. 3 shows an illustration of the measurement method 
used to estimate the erase band width. First track-1 was 
written at 98 kFRPI then the write head was moved to write 
a shifted track-2 at 100 ERPI.  The positions of (a), (b) and 
(c), (d) were defined as the point at which the output becomes 
-6.0 dB of the maximum output for each track. If there is no 
erase band, the positions of (b) and (c) are the same. The 
erase band width can be estimated by the distance between the 
positions @) and (c). 
Current flow 
Fig. 1 Illustration of the thin film single pole flying head 
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Fig. 3 Measurement method of off-track overwrite profile to estimate erase 
band width 
111. RESULTS AND DISCUSSION 
A. Side-fringing 
Fig. 4 shows off-track profiles for 20 kFRPI recording. 
The top case was written using the thin film single pole flying 
head on the perpendicular double-layered medium. The 
middle and the bottom are for thin film ring heads, where the 
pole thickness are different. The middle case was obtained 
using the pole-length 1.0 pm head shown in Table I with 
perpendicular double-layered medium and the bottom case 
used the pole-length 5.0 pm head and a longitudinal medium. 
Since the measured track width and write pole width of 
the thin film single pole flying head were almost the same, it 
seems that this head had a sharp head field distribution even 
at the track edges. However, the middle case shows a 
measured width less than the pole width, which means a 
reduction of the head field gradient at the track-edge. The 
bottom case shows a measured width close to the write pole 
width at the low density of 20 kFRPI. 
B. Estimate of the erase band width 
An excessive erase band becomes a critical problem at 
high track density. Fig. 5 shows the off-track overwrite 
profile of the thin film single pole flying head/perpendicular 
double-layered medium. The open circles indicate Track-1 
of 98 kFRPI, and the filled circles indicate Track-2 of 100 
kFRPI. This shows the near positions of (b) and (c) in Fig. 
3. A narrow erase band of around 25 nm in width was 
obtained. Fig. 6 shows the estimated erase band width as a 
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Fig. 4 Off-track profiles for various combination of write-heads and media 
Top: Single pole/ Perpendicular 
Middle: Pole-length 1.0,ud Perpendicular 
Bottom: Pole-length S . O p /  Longitudinal 
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function of writing magneto-motive force (MMF) to show the 
influence of head pole saturation. Three MMF ranges were 
selected; optimum, NI, and excess (1.5 times of the 
optimum). The filled symbols were the results for the 
perpendicular double-layered medium and open symbols were 
for the longitudinal medium. The circles were for the thin 
film single pole flying head and squares were for the thin film 
ring heads. The estimated erase band width was increasing 
with increased writing MMF for the longitudinal medium here. 
In contrast, these values were constant for the perpendicular 
double-layered medium. In particular, the erase band width 
for the thin film single pole flying head was constant at 
around 25 nm. These measurements of the off-track 
performance of the combination of a single pole head and 
perpendicular double-layered medium indicate negligible 
side-fringing and the narrow erase band width. This result 
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Fig. 5 Off-track ovenmite profiles of the thin film single pole flying head/ 
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Fig. 6 Estimated erase band width vs. writing magneto-motive force 
IV. CONCLUSIONS 
The side-fringing of a merged type head and thin film 
single pole flying head was measured for perpendicular 
double-layered medium w d  longitudinal medium. The thin 
film single pole flying head displays a very narrow erase band 
width of around 25 nm. When using a deep submicron 
(around 0.4 ,m) track width single pole head [3], with well- 
defined track edges, the low side-fringing and erase band of 
around 25 nm, demonstrated here, will allow a narrow track 
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